Abstract. Network analysis offers insight into the structure and function of ecological communities, but little is known about how empirical networks change over time during perturbations. ''Nest webs'' are commensal networks that link secondary cavity-nesting vertebrates (e.g., bluebirds, ducks, and squirrels, which depend on tree cavities for nesting) with the excavators (e.g., woodpeckers) that produce cavities. In central British Columbia, Canada, Northern Flicker (Colaptes auratus) is considered a keystone excavator, providing most cavities for secondary cavity-nesters. However, roles of species in the network, and overall network architecture, are expected to vary with population fluctuations. Many excavator species increased in abundance in association with a pulse of food (adult and larval beetles) during an outbreak of mountain pine beetle (Dendroctonus ponderosae), which peaked in [2003][2004]. We studied nest-web dynamics from 1998 to 2011 to determine how network architecture changed during this resource pulse.
INTRODUCTION
In ecological communities, interspecific interactions can be studied as networks that may be antagonistic (e.g., predator-prey or host-parasitoid webs), mutualistic (e.g., seed-disperser and plant-pollinator webs), or commensal (e.g., host-epiphyte webs). A network approach can offer important insights into how communities are structured and how they will respond to perturbations. Most interspecific networks are described as snapshots from a single field season, or by combining several years into one network, as a static system (e.g., Carvalheiro et al. 2008 , Ramos-Jiliberto et al. 2009 , Sa´yago et al. 2013 . Using computer simulations with these static empirical networks (and model networks), ecologists have shown that removing species or changing resource inputs could lead to cascading secondary extinctions and changes in network architecture, suggesting important consequences of network perturbation for community structure and ecosystem function (The´-bault et al. 2007 , Ramos-Jiliberto et al. 2009 , Pocock et al. 2012 . However, it has also been recognized that the structure of interspecific networks depends on species abundances (Va´zquez et al. 2007 , Fontaine et al. 2008 . Some theoretical studies have allowed consumer species to switch partners when resources change in abundance, and their results suggest that consumer plasticity and Manuscript received 27 June 2014; accepted 10 September 2014. Corresponding Editor: F. S. adaptive foraging can confer robustness (reduce the number of secondary extinctions) in interspecific networks (Kondoh 2003 , Ramos-Jiliberto et al. 2012 . Recently, Wells et al. (2014) showed that temporal fluctuations in species abundances have a strong impact on the architecture of model networks, especially when these fluctuations are heterogeneous (i.e., some species increase in abundance and others decline). Several recent field studies have examined how mutualistic (plant-pollinator and ant-plant) and antagonistic (trophic) networks changed over the course of 2-20 years. Under relatively stable environmental conditions, mutualistic networks exhibited high turnover in links (which species interact with one another) but little change in overall architecture (Alarco´n et al. 2008 , Olesen et al. 2008 , 2011 , Petanidou et al. 2008 , Burkle and Irwin 2009 , Dupont et al. 2009 , Dı´az-Castelazo et al. 2013 . Likewise, in a partial food web of vertebrate predators and their prey, interannual variation in rainfall was related to link turnover but not to variation in overall network structure (Arim and Jaksic 2005) . In contrast, after 120 years of anthropogenic disturbance (climate warming and conversion of natural ecosystems to agriculture), Burkle et al. (2013) documented a loss of redundancy of plant-pollinator network structure, weakened interaction strengths, and nonrandom extirpations of 50% of bee species.
Large natural environmental perturbations, such as resource pulses from insect outbreaks, are also recognized as important drivers of community structure and function, and often occur in long-term cycles predicted to affect the topology and architecture of interspecific networks (Ostfeld and Keesing 2000) . An outbreak of spruce budworm (Choristoneura fumiferana) was associated with increased diversity and complexity of a parasitoid food web (Eveleigh et al. 2007 ). To our knowledge, however, no long-term empirical studies have examined the dynamics of a vertebrate network over the course of a major resource pulse.
Networks of cavity-nesting vertebrates
Although most studies of interspecific networks have focused on mutualistic and antagonistic interactions, commensal networks are also widespread in nature (e.g., Sa´yago et al. 2013) . One type of commensal network, a ''nest web'', links the species of animals that nest in tree cavities, which account for about 10% of all bird species, as well as many mammals, amphibians, reptiles, and insects (Newton 1998 , Martin and Eadie 1999 , Gibbons and Lindenmayer 2002 , Cockle et al. 2011 . Some cavity-nesters create their own cavities (excavators, e.g., woodpeckers), but most species are secondary cavity-nesters, who rely on existing cavities created by excavators or natural decay processes . Abundance and diversity of secondary cavitynesters may often be limited by the availability and diversity of tree cavities (Newton 1998 , Martin and Eadie 1999 , Remm et al. 2008 , which in turn depend critically on the abundance and behavior of excavators (Daily et al. 1993 , Cockle et al. 2011 . Most excavators make at least one new cavity every year for nesting or roosting, and their old cavities remain available for secondary cavity-nesters for up to two decades (Cockle et al. 2011 , Edworthy et al. 2012 , Edworthy and Martin 2013 . Each secondary cavitynester species selects cavities with slightly different characteristics (e.g., size, height, location), matching the traits and characteristics of cavities produced by a particular subset of excavators Martin 2004, Martin et al. 2004 ). Links in a nest web represent flow of cavities from cavity producers to a succession of secondary cavity-nesters, and nest webs have been used to identify key excavators that maintain cavity supply and support communities of cavity-nesting birds and mammals (Martin et al. 2004, Blanc and Walters 2008) .
A nest-web approach in temperate British Columbia, Canada, revealed that nearly all species of secondary cavity-nesters most often used cavities produced by a single excavator, the Northern Flicker (Colaptes auratus), which was inferred to be a keystone species for the maintenance of the cavity-nesting community ). However, flickers are relatively weak excavators, and recent work has revealed that their cavities do not persist as long as those of stronger excavators (Edworthy et al. 2012) . Furthermore, at least one species of secondary cavity-nester, the Tree Swallow (Tachycineta bicolor), experiences lower reproductive output in flicker cavities compared to cavities made by smallerbodied, stronger excavators (Robles and Martin 2013) . Like most studies of interspecific networks, all previous nest-web studies have used a static or snapshot approach. We became interested in a dynamic approach when we observed changes over time in the abundance of several excavators and secondary cavity-nesters, many of which were likely associated with an outbreak of mountain pine beetle (Dendroctonus ponderosae; Martin et al. 2006 , Drever et al. 2009 , Norris and Martin 2010 .
Mountain pine beetle outbreaks occur periodically in western Canada, on cycles of about 30-40 years (Alfaro et al. 2010) . The recent outbreak killed almost 100% of mature lodgepole pines (Pinus contorta var. latifolia), accounting for about 40% of trees in the study area. However, the increase in standing dead trees did not result in an increase in nest sites, because cavity-nesters rarely use pines for nesting in this area, and throughout the beetle outbreak they continued to choose trembling aspen (Populus tremuloides) for over 95% of nesting attempts Martin 2012, Norris and .
Temporal changes in abundance of cavity producers and users
Populations of most excavator species increased as the beetle outbreak progressed. Adult beetles and their larvae provide an important source of food for Downy Woodpeckers (Picoides pubescens), Hairy Woodpeckers (Picoides villosus), American Three-toed Woodpeckers (Picoides dorsalis), Pileated Woodpeckers (Dryocopus pileatus), and Red-breasted Nuthatches (Sitta canadensis), all of which increased in the study area as measured by both point-count abundance and nest density (Table  1 ; Norris and Martin 2010 , 2012 , Edworthy et al. 2011 . Northern Flickers (the species that initially provided most cavities) and Red-naped Sapsuckers (Sphyrapicus nuchalis) also increased somewhat over the study period, although it is unlikely that they experienced a strong food pulse from the beetle outbreak (Table 1; Edworthy et al. 2011) .
Abundance was monitored for four species of secondary cavity-nesters over the study period. Mountain Chickadees (Poecile gambeli ), which eat beetles, doubled in abundance during the outbreak, responding to increases in the availability of food and of cavities excavated by the increased densities of Red-breasted Nuthatch and Downy Woodpecker (Norris and Martin 2012) . Introduced European Starlings (Sturnus vulgaris), which do not eat beetles, were initially the most common secondary cavity-nester, but they declined over time , Koch et al. 2012 . Mountain Bluebirds (Sialia currucoides) and Tree Swallows, which are subordinate to starlings and do not eat beetles, increased Martin 2008, Koch et al. 2012) .
Here, we use network analysis to examine changes in the identity of interactions and the architecture of the cavity-nesting community of 26 bird and mammal species over a 14-year period encompassing the beginning, peak, and end of an outbreak of mountain pine beetle. Because the study was conducted under changing ecological conditions, including previously documented changes in the abundance of several excavator and secondary cavity-nester species, we expected network architecture to change significantly over time (in contrast to previous studies, conducted under relatively stable conditions, in which network architecture was found to be relatively static; Alarco´n et al. 2008 , Olesen et al. 2008 , 2011 , Petanidou et al. 2008 , Burkle and Irwin 2009 , Dupont et al. 2009 , Dı´az-Castelazo et al. 2013 ).
MATERIALS AND METHODS

Study area
We studied population and nesting ecology of cavitynesting birds and mammals from 1998 to 2011 in mature and logged warm and dry interior Douglas-fir forest (Meidinger and Pojar 1991) near William's Lake, British Columbia, Canada (51852 0 N, 122821 0 W). Nests were located in mixed deciduous/coniferous forest patches surrounded by grasslands, as well as in dry coniferous forest with deciduous riparian zones. The forest is dominated by lodgepole pine (41% of stems), Douglasfir (Pseudotsuga menziesii; 29%), trembling aspen (15%), and hybrid white spruce (Picea glauca engelmannii; 15%), but 95% of cavity nests are located in aspen ).
An outbreak of mountain pine beetle began in the study area around 1998 and peaked in 2003 and 2004 (Fig. 1; Drever et al. 2009 ). Beetles lay eggs under the bark of live lodgepole pines in late summer; larvae reach their maximum size the following spring, then emerge from the trees as adults in late summer (Reid 1962) . They provided an important year-round source of food for many species of insectivorous excavators and secondary cavity-nesters (Martin et al. 2006) .
Small parts of the study area were also affected by selective logging (1998-2002, 2004, and 2010) , which removed only pine and/or hybrid spruce, leaving behind most aspen and Douglas-fir, so that the supply of nesttrees experienced little change (Edworthy and Martin 2013) . Finally, spot fires occurred on small parts of the study area after the breeding season in 2010, when dead Edworthy et al. 2011 ) and nuthatches 1998 -2006 (Norris and Martin 2010 ). Peak year is only specified for species which experienced a definable peak; cells left blank indicate species that experienced a steady upward or downward trend over the study period. Availability of cavities is also shown in Fig. 3 . Use of cavities by secondary cavity-nesters measures change in number of cavities used by secondary cavity-nesters 1998-2011 (values predicted by generalized linear models), from Fig. 4. pines had accumulated after the beetle outbreak (Edworthy and Martin 2013) .
Field methods
Mountain pine beetle density.-To sample infection rate by mountain pine beetle, we established 491 permanent 0.04-ha circular plots in 100 3 100 m grids starting at grassland or wetland edges and extending 500 m into the forest, or at least 100 m apart (in smaller groves where it was not possible to establish a grid). Each summer, we revisited most of the plots (the exact number of plots surveyed each year varied from 381 to 453) to check all live lodgepole pines .12.5 cm diameter at breast height for signs of bark-boring insects (pitch tubes or outflows of dried resin on the outer bark, and/ or ;2 mm diameter entry holes in the bark; Henigman et al. 2001) . We assumed that trees with evidence of beetle infection contained live beetle larvae and/or emerging adult beetles, and represented a food source for bark insectivores for one year beginning the previous summer when eggs were laid. The density of beetleinfected pines was calculated for each year by dividing the number of live infected pines by the total area surveyed.
Nesting vertebrates.-We found active nests of avian excavators and secondary cavity-nesting birds and mammals each spring, on and around grids surveyed for mountain pine beetle, by observing the behavior of adults (excavating, carrying food, entering or exiting cavities) or hearing begging calls of young. We inspected cavities with a ladder, mirror, and a flashlight or camera mounted on a 15-m pole, and considered the cavities to support active nests if they contained eggs or young. For each nest, we identified the excavator species that produced the cavity, based on observations of excavation (including field work in the same area from 1995-1998), and occasionally from the size and shape of the cavity ). We revisited cavities each year to determine whether they remained available (i.e., tree remained standing with cavity intact) and whether they were used by secondary cavity-nesters , Edworthy et al. 2012 , Robles and Martin 2013 . Excavators occasionally renovated old cavities, for example by enlarging the entrance, making the cavities available to larger species of secondary cavity-nesters; we counted these as new cavities produced by the renovator species. We found as many nests as we could each year (i.e., sample was not limited to a certain number of nests). However, we could not determine the species of excavator for some cavities that were first recorded being used by secondary cavity-nesters, and these nests are excluded from the present study. Other nests may have gone undetected, especially if they were depredated on during laying or early in incubation. Search effort (about 6-7 observer hours per 15 ha per week) and sample size (number of interactions) were similar each year beginning in 1998 (Appendix A: Table  A1 ).
Statistical analyses
We used R version 3.0.2 for all statistical analyses (R Core Team 2013). To examine changes in network architecture over time, we first used the bipartite package (Dormann et al. 2009 ) to generate qualitative and quantitative networks linking cavity producers (i.e., excavator species and natural decay that created cavities) with the secondary cavity-nesting species that used cavities, for each year from 1998 to 2011. In both cases (qualitative and quantitative), the 14 input matrices (one for each year) were comprised of secondary cavity-nesters (upper level, in columns) and cavity producers (lower level, in rows). For each of the 14 qualitative networks, each cell contained a 1 if the interaction occurred that year (i.e., the secondary cavitynesting species used a cavity generated by that cavity producer) or a 0 if the interaction did not occur that year. For each of the 14 quantitative networks, each cell contained the number of interactions between each species pair that year. Nests were assigned to the year in which the secondary cavity-nester used the cavity. Cavities were generally produced in a previous year, but occasionally they were produced earlier in the same year.
To determine the extent of qualitative changes in the network over time, we calculated the proportion of cavity producers, secondary cavity-nesters, and links that were present in all 14 years, as well as the proportion present one year that were also present the following year. Additionally, we calculated pairwise network dissimilarity (or b-diversity) of interactions between each year and the following year. We used the The drop in number of infected pines after 2004 reflects a regional decline in beetle populations that resulted in reduced availability of food for avian excavators. However, cavities are a multi-annual resource that remain available for more than a decade, on average, after being excavated (Edworthy et al. 2012 ).
betalink package (Poisot et al. 2012) to partition the dissimilarity between each pair of whole networks (b WN ) into differences arising from species turnover (b ST ) and differences arising from species that occurred in both networks but switched interaction partners (b OS ). Thus
As our measure of b-diversity, we used the default b W, which ranges from 0 (sets are perfectly overlapping) to 1 (perfectly nonoverlapping; Whittaker 1960 , Poisot et al. 2012 . Dissimilarity arising from species turnover, b ST , ranges from 0 (all differences between the two networks are explained by shared species interacting differently) to b WN (all differences between the two networks are explained by species turnover; Poisot et al. 2012) .
To understand changes in interaction frequency over time, we used the glm command in R to fit simple and quadratic generalized linear models with Poisson error structure and a log-link function, to test for a relationship between year (predictor variable) and the number of nests of secondary cavity-nesters in cavities produced by each of the seven most common excavators and natural decay (response variables). Because of the small number of replicates (n ¼ 14 networks), we did not introduce other explanatory variables into the models; however, using the cumulative number of beetle-attacked trees as the predictor variable, instead of year, provided qualitatively similar results. Poisson models were appropriate because our response variables were counts and were not overdispersed; negative binomial models did not improve fit (log-likelihood ratio tests, all P . 0.05). To determine how well each model fit the data, we calculated the loglikelihood R 2 analog (pseudo-R 2 ) where
and LL model and LL null are the log-likelihoods of the full model and intercept-only model, respectively. Quadratic terms were retained when significant at a ¼ 0.05. To quantify structure at the network level, we used the bipartite package to calculate two qualitative and four quantitative metrics for each annual network. Qualitative metrics were species richness (total number of species in the network, including natural decay as one ''species'') and number of links (number of unique interactions in the network; i.e., the number of 1s in the qualitative matrix). Quantitative metrics were interaction diversity (Shannon's diversity), interaction evenness (Shannon's evenness using the log of the product of matrix dimensions as denominator), and nestedness (weighted-interaction nestedness estimator, or WINE, a measure of the extent to which the interactions of specialists are a subset of the interactions of generalists) for the whole network, as well as niche overlap (Horn's index; Horn 1966) of secondary cavity-nesters. WINE is a nestedness measure for quantitative networks that takes into account the intensity of links or link strength (Galeano et al. 2008 ).
To quantify temporal change in the architecture of the network, we fitted general linear models with linear and quadratic terms (retained when significant at a ¼ 0.05) to test for a relationship between year (predictor variable) and the response variables (1) species richness, (2) number of links, (3) interaction diversity, (4) network evenness, (5) nestedness, and (6) niche overlap (n ¼ 14 years). For each model, we used the lmtest package to perform a Breusch-Godfrey test for first-and secondorder autocorrelation in the data; we found none (P . 0.05 for all models).
RESULTS
Our complete network of cavity producers (excavators and decay) and secondary cavity-users comprised 1610 nesting attempts of 18 species of secondary cavitynesting birds and mammals over 14 years (1998 to 2011) in cavities produced by nine types of cavity producers (eight species of avian excavators and natural decay; Fig. 2 ; Appendix A: Table A1 , Appendix B, Appendix C: Fig. C1 ).
Temporal change in cavity availability and use
The total number of available cavities peaked in 2005 and then leveled off (Fig. 3a) . There was an initial modest increase in the availability of cavities excavated by Northern Flickers, and then a slight decline after 2005 (Fig. 3b) . Cavities excavated by Red-naped Sapsuckers, Pileated Woodpeckers, and Hairy Woodpeckers increased over the study period by a factor of two, three, or five, respectively (Fig. 3) . Cavities excavated by Red-breasted Nuthatches increased by a factor of five and peaked in 2005-2006, whereas cavities excavated by Downy Woodpeckers and American Three-toed Woodpeckers increased by a factor of eight and peaked in 2005-2009 and 2006, respectively. Use of cavities created by Northern Flickers and natural decay processes declined by one-half and onethird, respectively, while use of cavities created by Rednaped Sapsuckers, Pileated Woodpeckers, and Hairy Woodpeckers doubled, tripled, and quadrupled, respectively (Fig. 4) . Use of cavities created by Red-breasted Nuthatches, Downy Woodpeckers, and American Three-toed Woodpeckers peaked in 2005 and 2006, one and two years after the peak of the beetle outbreak (Fig. 4) .
Temporal change in the network
Six of the nine (67%) cavity producers, six of the 18 (33%) secondary cavity-nesters, and eight of the 59 (14%) links from the complete qualitative interaction network (recorded at least once over the 14 years of the study), were present in all 14 annual qualitative networks (i.e., not missing in any year). On average, 96% 6 1.71% (mean 6 SE) of cavity producers, 83% 6 1.87% of secondary cavity-nesters, and 74% 6 1.93% of links recorded one year were also recorded the following year. Dissimilarity of interactions (b WN ) from one year to the next ranged from 0.18 to 0.39 (mean 6 SE ¼ 0.27 6 0.071). About 73% of the interaction dissimilarity was explained by turnover in the links among shared species (b OS ¼ 0.19 6 0.052), and the remainder (27%) was explained by species turnover (b ST ¼ 0.072 6 0.019).
The number of species (general linear model slope coefficient (b year ) ¼ 0.052 6 0.069, t ¼ 0.76, P ¼ 0.46; Fig.  5a ) and links (b year ¼ 0.224 6 0.155, t ¼ 1.45, P ¼ 0.17; Fig. 5b ) in the network remained relatively constant, but quantitative measures of interaction diversity (b year ¼ 0.032 6 0.010, t ¼ 3.36, P ¼ 0.0057; Fig. 5c ) and evenness (b year ¼ 0.0061 6 0.0016, t ¼ 3.85, P ¼ 0.0023; Fig. 5d ) increased over time. All 14 networks were significantly nested (P , 0.05), but nestedness varied between 0.23 and 0.66, with a marginally significant downward trend over time (b year ¼À0.015 6 0.0083, t ¼À1.79, P ¼ 0.099; Fig. 5e ). Niche overlap also exhibited a marginally significant decrease over time (b year ¼À0.011 6 0.0053, t ¼ À2.08, P ¼ 0.060; Fig. 5f ).
DISCUSSION
Over our 14-year study in central British Columbia, the network of cavity-nesting vertebrates experienced modest changes in the identity of interactions (i.e., link turnover: changes in which pairs of species interacted at least once in a given year) and significant changes in overall architecture. We observed decreased use of flicker cavities, increased use of cavities made by beetle-eating excavators and Red-naped Sapsuckers, increased interaction diversity, and increased evenness. Nestedness and niche overlap declined somewhat, and we observed strong fluctuations in nestedness over time, which have not been observed in other network studies. Although network metrics can be sensitive to sampling effort, number of species, and number of interactions (Dormann et al. 2009, Trøjelsgaard and Olesen 2013) , these parameters remained relatively constant over time in our study, and we believe the observed changes in network metrics have a biological explanation, related to the simultaneous outbreak of mountain pine beetle, decline of European Starlings, and increase in Red-naped Sapsuckers.
Interactions with beetle-eating excavators increased in frequency shortly after these excavators and their cavities increased in abundance in our study area (Table 1) . Furthermore, the increases in cavity use were of similar or larger magnitude than the increases in excavator abundance, as would be expected if secondary cavity-nesters were responding to a pulse of cavities provided by these excavators and available for several years thereafter (Table 1) . Mountain Chickadees switched from cavities excavated by sapsuckers to cavities excavated by Downy Woodpeckers and Red-breasted Nuthatches ( Fig. 2 ; Norris et al. 2013) . Tree Swallows switched from cavities excavated by flickers to cavities excavated by sapsuckers and Hairy Woodpeckers, where they experienced increased reproductive output ( Fig. 2 ; Robles and Martin 2013) . In contrast, the reproductive output of Mountain Bluebirds was independent of cavity producer (Robles and Martin 2013) and bluebirds continued to use a high proportion of flicker cavities throughout the study period (Fig. 2) . Part of the decline in use of flicker cavities can be explained by the regional decline of European Starlings, one of the principal users of flicker cavities. Although it is difficult to disentangle the influence of the beetle outbreak from starling declines and other concurrent temporal processes, our results are consistent with other evidence that insect outbreaks can contribute positively to forest biodiversity, including interaction diversity, over the short and long term (Eveleigh et al. 2007 , Drever et al. 2009 ).
Importantly, the changes in the community were still evident in 2011, seven years after the peak of the beetle outbreak. Availability and use of cavities produced by Red-naped Sapsuckers, Hairy Woodpeckers, and Pileated Woodpeckers continued to increase after the peak of the outbreak, whereas availability and use of cavities produced by Red-breasted Nuthatches, Downy Woodpeckers, and American Three-toed Woodpeckers peaked and declined. These different patterns can be explained partly by the population trends for these excavator species (continuing increase for the former group, but peak and decline for the latter; Table 1 ) and partly by differences in loss rates of cavities produced by the various excavators. Cavities in our study area remain available for a median .12 years; however, those produced by strong excavators (Pileated Woodpeckers, Red-naped Sapsuckers, and Hairy Woodpeckers) experience about half the annual loss rates compared to those produced by weak excavators (Red-breasted Nuthatches and Downy Woodpeckers) and Northern Flickers (Edworthy et al. 2012) .
Our commensal cavity-nester network was characterized by low link turnover (about 74% of links conserved from one year to the next), in direct contrast to mutualistic networks, which, under relatively stable conditions, exhibited high link turnover (about 25% of links conserved from one year to the next; e.g., Olesen et al. 2008 , Dupont et al. 2009 ). Much of the annual link turnover in pollination and ant-plant networks may be driven by strong year-to-year variation in phenology of flowering plants, a phenomenon that does not apply to cavity-nester networks because cavities, once produced, often remain available for one or more decades (Wesołowski 2011 , 2012 , Edworthy et al. 2012 , Edworthy and Martin 2013 . Additionally, interannual variation in pollination networks may result from opportunistic foraging by insect pollinators (Alarco´n et al. 2008) ; however, secondary cavity-nesters are unlikely to behave opportunistically, because they invest their entire reproductive effort for the year in just one cavity, the choice of which directly affects their reproductive output (Nilsson 1984 , Rendell and Robertson 1989 , Wesołowski and Rowin´ski 2012 , Robles and Martin 2013 . Secondary cavity-nesters exhibit species-specific nest-site selection for tree, cavity, and site characteristics, which limit them to interacting with partners (excavators) that have compatible traits, such as body size and foraging habitat (Stauffer and Best 1982, Martin et al. 2004 ). Traitmatching was recently shown to play an important role in structuring hummingbird-plant pollination webs (Vizentin-Bugoni et al. 2014; Maglianesi et al. 2014) , and merits attention in studies of insect-plant pollination networks and vertebrate nest webs. Territoriality and competition among secondary cavity-nesters may also limit the ability of individual secondary cavity-nesters to occupy available high-quality cavities, which could explain why we found low link turnover and only marginally significant declines in nestedness and niche overlap. The changes we observed FIG. 3 . Number of tree cavities available annually from 1998 to 2011 near William's Lake. (a) Total for all cavities (includes cavities produced by natural decay and Black-capped Chickadees (Poecile atricapillus), and cavities for which we could not identify the excavator). (b-h) Cavities made by seven species of avian excavators. These should be considered minimum numbers, because cavities only entered this data set when they were used at least once by an excavator or secondary cavity-nester. Note the different scales on y-axes.
in network architecture (increases in evenness and diversity of interactions, slight declines in nestedness and niche overlap) are consistent with the idea that an overall increase in availability of cavities, produced by a wider variety of excavators during the beetle outbreak, increased the opportunities for secondary cavity-nesters to interact with formerly uncommon partners.
By following an empirical interspecific network during a major perturbation, our study reveals the changing roles of individual species. Whereas a static nest web FIG. 4 . Number of tree cavities (solid circles) used by secondary cavity-nesting birds and mammals, separated by cavity producer (seven species of avian excavators and natural decay) from 1998 to 2011 near William's Lake. Fitted lines represent the best-fit linear or quadratic generalized linear models predicting the number of cavities. Values for b year (slope parameter estimates in the models) are presented as mean 6 SE; squared b year values in panels f-h are a quadratic term. Note the different scales on y-axes. Cavities produced by Black-capped Chickadees were excluded because they were used by secondary cavity-nesters only six times.
suggested that the northern flicker was a keystone species whose persistence would maintain populations of most cavity-nesting vertebrates ), a dynamic approach revealed that under some ecological conditions (such as when stronger excavators increase during and after a bark beetle outbreak), flickers become much less important as cavity providers. Our result that network architecture changed over time is consistent with the predictions of network theory that incorporates population fluctuations (Wells et al. 2014) . It supports the idea that theoretical studies should account for the fundamental niche of each species and the possibility of rewiring in the network, to avoid overestimating the risk of secondary extinctions (Kondoh 2003 , Staniczenko et al. 2010 . In studying the structure and function of interspecific networks, ecologists should recognize that patterns conferring stability (e.g., high vs. low nestedness) may vary among antagonistic, mutualistic, and commensal networks Fontaine 2010, Sa´yago et al. 2013) , and also that these architectural patterns can vary naturally over time.
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